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The composition and condition of the body fluids of animals show 
departures from those of their environment usually corresponding to 
their  degree  of  development.  In  the  ceelenterates  and  sponges a 
free circulation of sea water accomplishes the distribution of materials. 
The interior and exterior are  then exposed to practically the  same 
medium.  In  the  starfish,  however,  there  are  a  closed  ccelomic 
cavity and a  digestive system which are not  swept by  a  constantly 
renewed supply of sea water.  The fluids contained in these spaces 
are similar to sea water, but modified by the enclosing tissue so as to 
be  true  components of the organism.  The hydrogen ion concentra- 
tion of the body fluids becomes progressively greater in the deeper 
regions  of  the  organism,  establishing  a  gradient  from  the  interior 
toward the exterior.  The normal reactions of these fluids are shown 
here to be optimal for several representative metabolic processes. 
In  the  starfish  there  is  a  mouth-opening situated  on  the  lower 
side, through which the soft cardiac portion of the stomach is extruded 
to surround food.  In this stomach digestion proceeds until the food 
is  sufficiently disintegrated to permit its withdrawal into the body. 
The partially digested food is then swept by ciliary currents through 
the pyloric c~eca, where digestion and absorption are effected.  Then, 
apparently, the products of  digestion pass through the wall  of  the 
c~ecum into the surrounding c~elomic fluid.  Here  again ciliary cur- 
rents, together with body movements, serve for distribution (Irving, 
1924-25). 
The investigations presented were carried out with two forms of 
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starfish common in  the  vicinity of the  Hopkins  Marine  Station  at 
Pacific Grove,  California.  These  forms were Pisaster ochraceus and 
Patiria  miniata.  Patiria  is  short-armed,  thin-walled,  and  much 
more  tractable  in  aquaria.  It  was  therefore used  for most  of the 
experiments,  although  many  of  them  were  also  tried  on  Pisaster 
with corresponding results. 
Normal pH of Stomach, Caeca, and C~elomic Fluid. 
The  following preliminary experiments showed that  the  stomach 
is  distinctly more acid  than  sea water.  Mussel meat  stained with 
neutral red takes the deep red color of a  pH  less  than  7.  During 
cardiac  digestion  of  such  meat,  the  red  color is  retained,  and  the 
stomach walls take and keep for several days a pink color indicating 
a  hydrogen ion concentration near neutrality.  Several times I  was 
able to pipette enough fluid from the stomach through the mouth to 
show a  pH  between 7.3  and  7.5  with phenol red.  This fluid is  al- 
ready much more acid than  the sea water with which it is in  such 
relatively close contact. 
Mter ingestion of stained mussel meat the oral lumina of the c~eca 
stain deep red with neutral red, the remaining regions being naturally 
too dark to show the dye.  The red color remains conspicuous in the 
lumen for a  week, during which time this  particular  c~ecum  region 
plainly remains more acid than sea water, but not far from neutrality. 
Although the neutral red color in  the dark c~eca is difficult to com- 
pare directly, the stained c~ecum changes color distinctly when placed 
in a more alkaline or acid buffer solution.  A series of c~eca stained by 
ingestion  of neutral  red were placed in  buffer solutions,  and,  from 
observation  of the  solution producing the least  change,  the c~ecum 
pH was estimated to lie between 6.6 and 7.0.  This is quite contrary 
to the observations of Roaf (1909-100  who declares that the c~eca of 
Asterias rubens  become alkaline after digestion is completed. 
Samples of coelomic fluid,  which surrounds the c~eca in  the body 
cavity, showed the following acidifies: 
Patiria  .......................... pH  8.0  7.7  7.6  7.6  7.6  7.6 
Pisaster  ........................  pH  7.5  7.6  7.5  8.1  7.6  7.6 
Sea water .......................  pH  8.3 
1  Roaf (1909-10), p. 448. LAURENCE IlZVlNO  347 
These are typical of many determinations taken at various periods 
before and after feeding, and,  considering the difficulties from mix- 
ture with sea water  and a  slight opalescence, indicate a  consistent 
normal close to pH 7.6.  McClendon (1916-17)  found the pH of ccelo- 
mic fluid of the sea urchin Toxopneustes variegatus between 7.7 and 7.8, 
while  Crozier  (1918)  found  the  ccelomlc  fluid  of  the  holothurian 
TABLE  I. 
Changes in the Hydrogen Ion Concentration of Sea Water Caused by Excised C~ca. 
Experi- 
ment 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
20  hrs. 
Cilia condition. 
Dead. 
o.s. active. 
i.s. dead. 
o.s. active. 
Ls. active. 
o.s. active. 
Ls. active. 
O.S. active. 
Ls. active. 
o.s. active. 
i.s. active. 
45 hrs.  Cilia condition. 
o.s. slightly active. 
Digestion started. 
o.s. slightly active. 
i.s. dead. 
o.s. active. 
i.s. dead. 
o.s. active. 
i.s. slightly active. 
o.s. active. 
i.s. slightly active. 
Dead. 
o.s. slightly active. 
i.s. dead. 
o.s. active. 
i.s. active. 
O.S. active. 
i.s. dead. 
o.s. active. 
i.s. dead. 
Com  o 
paratiw 
activity. 
0 
1 
2 
3 
4 
3.5 
0 
1 
4 
1 
1 
o.s.  -- outside, toward ccdom; i.s.  =  inside. 
St~hopus  meebii  at  7.6.  C~1omic  fluid  is  also  different  from  sea 
water  in  its  salts.  The freezing  point  depression  of  a  sample  from 
Patiria was  determined  by  Dr.  J.  P.  Baumberger  to  be  1.885,  com- 
pared  with  2.075  for sea water. 
These observations show  that  the fluids and organs of Patiria and 
Pisast~r  are  maintained  at  an  acidity  quite  different  from  that  of 
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The Optimum for Survival. 
After the discovery that the internal organs and fluids have each a 
normal, regular pH, they were next subjected to environments vary- 
ing in this respect.  In order to start under reproducible conditions, 
sea water acidified with  HC1  was  aerated until  a  constant pH  was 
reached,  indicating  the  arrival  of  the  solution  at  carbon  dioxide 
equilibrium with the air. 
TABLE  II. 
Changes in the Hydrogen Ion Concentration of Sea Water Produced by Excised Caeca. 
Experiment No.  Start.  17 hrs.  21 hrs.  45 hrs. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
#R 
5.0 
5.4 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
6.2 
6.3 
6.3 
6.7 
6.3 
6.3 
6.3 
6.7 
6.8 
6.8 
6.8 
6.8 
6.8 
6.6 
6.7 
6.7 
p// 
6.1 
6.3 
6.3 
6.7 
6.3 
6.3 
6.3 
6.7 
6.7 
6.7 
6.7 
6.8 
6.8 
6.5 
6.7 
6.7 
p// 
6.0 
6.1 
6.1 
6.2 
6.1 
6.2 
6.1 
6.7 
6.6 
6.6 
To  such solutions in  test-tubes,  excised  c~eca Were  added,  one in 
each  tube.  Table  I  shows  the  changes  which  characteristically 
occurred  in  these  experiments,  and  Table  II  extends  the  results. 
The condition of the tissues was determined in each case by examina- 
tion with a  binocular dissecting microscope. 
These experiments show a  tendency of the excised, living creca to 
alter  the  medium  toward  a  pH  of  about  6.7.  When  the  pI-I  fell 
below 6.7  to  about  6.3,  disintegration  and  injury  to  the  cilia  were 
apparent.  The halt  at  pH  6.7  is  too distinct  to  represent gradual LAUNCh.  IRVING  349 
decomposition, and the subsequent rapid fall to pH about 6.3 indi- 
cates a  change to a  new status.  Probably the lower pH,  which is 
concomitant in appearance with physical signs of tissue death, repre- 
sents  the stage of autolysis.  It is  apparent that the living animal 
maintains a  rather definite normal reaction of its cmca, and that the 
caeca themselves when excised are  capable of producing the normal 
reaction in sea water media initially quite different. 
All of these tests dealt with living tissue, except as indicated.  It 
was not a matter  of autolysis or putrefaction because of the persist- 
ence of ciliary  action  and  the  absence of the conspicuous odor of 
dead  marine  animals.  These soft  tissues  disintegrate and  produce 
unpleasant odors almost immediately after ciliary action ceases. 
The Optimum pH for Digestion. 
Many of the older physiologists investigated the problem of diges- 
tion in echinoderms and produced conclusions of quite contradictory 
nature.  AbderhMden (1911  ~) lists seven different enzymes named in 
echinoderms by  various workers.  The  names appear,  however, to 
be  usually  assigned  by  analogy  with  mammalian enzymes  on  the 
basis of substance digested and conditions of action, quite apart from 
normal  conditions.  Beyond these  analogies,  based  often on rather 
indefinitely reported observations, there is little precise evidence of 
the nature of the enzymes.  It is clear that the c~eca produce diges- 
tive  enzymes  (Fr6dericq,  1878;  Cohnheim,  1901;  van  der  Heyde, 
1922,  1923).  These  enzymes  easily  bring  about  autolysis  of  the 
organs, but extracts behave in an extremely slow fashion.  Further- 
more, the technique applied to their study has not been of the sort 
calculated to give quantitative results. 
Fr6dericq  (1878)  first  clearly  showed  that  proteolytic  digestion 
by the c~eca occurred near the neutral reaction.  Other invertebrates 
probably carry on digestion naturally near neutrality, and not in the 
strongly acid  condition where  pepsin finds its  optimum.  Darwin's 
observations on digestion in the earthworm show a  normal reaction 
near neutrality (Darwin, 1890).  Bodansky and Rose (19223) extracted 
Abderhalden  (1911),  p. 538. 
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a  digesting substance  from jelly  fish which had  one  optimum for 
gelatin  liquefaction at  pH 2.6,  and another, much more favorable, 
at pH 7.3.  The optimum at pH 2.6 seems too far removed from the 
normal reaction of sea water, which circulates so freely through the 
animal, to be important under vital conditions.  The empty stomach 
of Stichopus was found by Crozier  (1918)  to have a  pH between 5.0 
and  6.5,  while  during feeding it  ranged  from 4.8  to  5.5.  Crozier 
remarks that  this animal's calcareous diet may constitute a  special 
condition which is met by the relatively strongly acid digestive juices. 
Roaf's observations of cH  10  -4 during digestion in Asterias  rubei~s  l 
suggest an  acidity far greater than any which I  observed in Pisaster 
or Patiria,  although they are similar forms.  Van der Heyde (i922) 
observed in the stomach of Asterias pH 7.1,  7.6, and 7.7, and in the 
caeca 7.3.  The chemical methods and biological conditions involved 
in determining the normal hydrogen ion concentration during diges- 
tion must be rather precisely established, so that  many casual ob- 
servations require critical examination.  From the available evidence 
and the biological conditions a  natural reaction far from neutrality 
would be unexpected. 
Because  of  the  difficulties  found  in  separating  active  extracts, 
digestions by excised surviving caeca in ,itro were used.  These are 
here  nicely applicable  because  of  the  appropriateness of  the  caeca 
and the excellent criterion of their survival in ciliary activity. 
Pipettes were prepared with their tips protected by rubber tubing, 
the opposite end bearing a short length of rubber tubing and a pinch- 
cock.  2 cc.  of the solution to be digested were introduced into the 
pipette, its lower end stopped, and the pinch-cock closed.  By slightly 
withdrawing the dosed rubber  tube from  the  pipette  the  solution 
could be  retained without loss.  Next  the rubber-protected end of 
the pipette was inserted into the open  (pyloric) end of a  previously 
weighed caecum and the c~ecum tied on with silk.  The caecum was 
then drained and transferred to a  test-tube  containing 10 cc. of sea 
water prepared at constant pH.  The pipette and caecum were sus- 
pended in  the solution by a  cork,  the pinch-cock opened, and the 
solution allowed to  run into  the caecum.  The caecum became dis- 
tended and  remained distended, if  uninjured,  for  2  days  or  more. 
In  this way a  sack  of living digestive tissue was produced, with a I~UP.ENCE n~v~o  351 
capacity in the case of large caeca of over 3 cc.  Products of protein 
digestion diffused through the caecum wall and were determined by 
the Van Slyke method for amino nitrogen. 
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An appreciable production of amino  nitrogen might be  expected 
from the caeca themselves.  In order to  determine the normal amino 352  2~ETABOLIS~  AND  RESPIRATION  IN  T~E  STARFISH 
nitrogen production, 2 cc. of sea water acidified and equilibrated by 
aeration were introduced through the pipette into  the caecum.  The 
cxecum was then immersed in 10 cc. of the same solution.  After an 
interval of time a 2 cc. sample of the external liquid was removed and 
its amino nitrogen determined.  The new pH of the solution was also 
noted.  In  this  way the  amino  nitrogen  production  of  the  caecum 
alone  could  be  determined.  Data  for  the  results  are  indicated  in 
Fig. 1, Curve A. 
These  control  experiments  indicate  a  minimum  amino  nitrogen 
production at about the neutral point, increasing on each side.  The 
neutral reaction has already been shown  to be near the normal for 
caeca,  and  consequently  tissue  death  and  self-digestion  would  be 
expected to be less.  Bacterial action is not excluded, but if present 
is  least  effective  in  producing amino nitrogen at neutrality.  Evi- 
dently also the energy consumed by the tissue  during survival is not 
produced from protein, or the amino nitrogen would increase at the 
point of greatest activity. 
To determine the effect on food digestion of various hydrogen ion 
concentrations, a 2½ per cent solution of gelatin in sea water was used. 
Control  determinations  of  the  amino  nitrogen  production  of  this 
stock solution during 48 hours are shown in Fig. 1,  Curve B.  2 cc. 
of the solution were added to 10 cc. of the sea water used in the ex- 
periments.  The time of these controls is  double that in the experi- 
ments on gelatin  digestion, and  yet  the  amino nitrogen production 
is  very small. 
The  digestive effect of caeca  on  gelatin  was  tried in  solutions  at 
various hydrogen ion concentrations.  All sea water used was acidi- 
fied with hydrochloric acid and then aerated to constant pH.  At the 
time of digestion determination, pH  was  again  determined and  the 
results  were  found  in  accord  with  previous  experiments.  Results 
are indicated by Curve C  in  Fig.  1,  where two typical experiments 
are recorded together.  The  curve presents directly the appearance 
of an optimum for digestion near pH 7.  The greater amino nitrogen 
production in acid reactions is obviously, from Curve A, attributable 
to autolysis.  When a curve is adjusted by deduction of amino nitro- 
gen production as in  Curve A  from that  in  Curve C,  the resulting 
curve, D, plainly shows an optimum near pH 7. ~WNCE  mvn~o  353 
After  these  indications  that  the  optimum  digestion  conditions 
were  also  those  of  the  normal  organism,  attempts  were  made  to 
prepare  a  digestive  extract  whose  activity  might  be  compared  at 
different  acidities.  Various  extracts  were  prepared  by  perrmtting 
caeca to autolyze with alcohol or toluol.  Products of such procedure 
caused  only  slow  digestion,  and  the  results  did  not  show  that  any 
appreciable separation of the enzyme had been effected.  As another 
method,  many  c~eca  were  macerated  with  sand,  spread  on  glass 
plates,  and dried under low pressure  at 40 degrees.  The dried mass 
TABLE  HI. 
Changes in pH of Sea Water Produced by C~eca during Different Time Intervals. 
Experi- 
ment No. 
1 
2 
43  .,.a 
"~  5 
6 
7 
8 
9 
g  10 
u~  11 
[12 
Weight of 
CagCR. 
3.64 
4.37 
3.53 
5.34 
4.53 
4.53 
6.33 
6.58 
6.13 
6.41 
6.42 
6.25 
Start. 
~H 
8.2 
8.0 
7.8 
7.3 
5.0 
3.8 
8.1 
7.9 
7.7 
7.3 
4.9 
3.8 
Period 1. 
h~'$. 
3.08 
3.00 
2.92 
2.84 
2.80 
2.70 
2.92 
2.75 
2.66 
2.56 
2.25 
2.16 
pH 
7.8 
7.5 
7.4 
7.1 
6.8 
6.1 
7.9 
7.7 
7.4 
7.1 
6.2 
4.8 
Period 2. 
3.16 
3.16 
3.16 
3.16 
3.16 
3.16 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
hrs.  pH 
9.40  7.7 
9.40  7.4 
9.40  7.3 
9.40  7.3 
9.40  6.8 
9.40  6.4 
3.25  7.5 
3.25  7.3 
3.25  7.1 
3.25  6.8 
3.25  6.5 
3.25  5.2 
Period 3. 
pH 
7.8 
7.3 
7.3 
7.2 
6.8 
6.5 
6.8 
6.7 
6.7 
6.6 
6.4 
5.6 
was  then  ground,  but  could  not  be  redissolved  or  uniformly  sus- 
pended  on  account  of  the  fat  present.  Using  this  material  in  tem- 
porary suspension,  the neutral  reaction was obviously most favorable 
for the liquefaction  of gelatin. 
The Optimum pH for CO, Production. 
Having shown  that  the  optimum reaction  for ciliary survival and 
digestion  corresponds  with  the  normal  tissue  reaction  of  about  pH 
6.7,  it would  be expected  that  this  reaction  would  be most satisfac- 
tory  for  metabolism  in  general.  Respiration,  measured  by  CO, 
production,  is  the  indicator  used  here  for metabolic  activity. 354  METABOLISM  AND  RESPIRATION  IN  TI:IE  STARFISH 
For the experiments uniform amounts of weighed c~eca were placed 
in Pyrex flasks with sea water of known pH in equilibrium with the 
air.  One series was aerated,  the other sealed with rubber stoppers 
to retain  COs  as produced by the caeca.  Changes in the sea water 
of the aerated  series should be then attributed to non-volatile sub- 
stances or to a buffer effect of the tissues themselves; changes in the 
sealed series would include these and the change from CO2.  During 
the experiments none of the tissues putrified, and the times were all 
less than had been previously shown quite compatible with survival. 
TABLE  IV. 
Changes  in pH of Sea  Water Produced  by Caeca during  Different  Time  Intervals. 
1 
2  53 
4 
5 
Ix2 
Experi-  W~ghl 
ment 
No.  c~ecum, 
gm. 
1.8C 
1.46 
1.62 
1.34 
1.38 
1.28 
1.88 
1.82 
1.61 
1.36 
1.38 
1.37 
~tart. 
8.6 
8.5 
8.5 
8.2 
5.0 
4.8 
8.6 
8.5 
8.5 
8.2 
5.0 
4.8 
Period 1. 
hrs.  pH 
5.59  7.7 
5.40  8.0 
5.25  7,6 
5.08  7.1 
5.00  6,4 
4.75  5,0 
5.92  8,3 
5.75  8,3 
5.59  8,2 
5.25  7,7 
5.00  7.2 
4.84  6.3 
Period 2.  Period 3.  Period 4. 
hrs.  pH 
1.75  7.6 
1.75  7.8 
i .75  7.3 
1.59  6.8 
1.50  6.5 
1.50  5.8 
1.42  8.3 
1.42  8.3 
1.42  8.2 
1.42  7.7 
1.42  7.3 
1.42  5.3 
/*rs.  p// 
2.25  7.6 
2.40  7.6 
2.40  7.1 
2.40  6.7 
2.40  6.5 
2.40  6.1 
2.75  8.3 
2.75  8,3 
2.75  8.1 
2.75  7.3 
2.75  7.0 
2.75  6.2 
~lr$, 
12.9 
12.9 
13.0 
13.0 
13.0 
13.0 
12.4 
12.6 
12.6 
12.6 
12.6 
12.6 
pH 
7.1 
7.1 
6.8 
6.7 
6.4 
6.2 
7.8 
8.2 
7.8 
7.2 
6.8 
6.4 
The results of these experiments, recorded in Tables III and IV, 
show in both the sealed and aerated series the previously observed 
progressive acidification of the solutions above pH  6.7  toward  this 
reaction.  In the aerated  series the change is relatively slight after 
the  first  period,  an  effect which probably originates principally in 
neutralization by tissue substance. 
In  preparing  acidified  sea  water  solutions  the  excess  base,  and 
consequently buffer effect, were changed by addition of strong acid. 
Therefore only those experiments are comparable which were carried 
out with the same solution.  These are recorded in the tables in the LAURENCE IRVING  355 
same horizontal line.  In such solutions of similar excess base, hydro- 
gen ion concentration change is directly proportional to carbon diox- 
ide change in  the range considered  (McClendon,  Gault,  and  ~Iul- 
L 
pH &0  U  ~.0  18  T.5  6.9  ~,~ 7.~  69  7.Z 69  £~T 
FIG. 2  (from Table HI).  ~[H  +] per gin.  per hour in[sealed  series,  corrected 
by subtraction of A[H  +] of aerated series. 
pH ,&0  7.6  7.6  ~.~,  ,al  7.9  ~.T  ~,  7.9  74  I2  ag,  ,~t4 69  ~  a:r, 
FIG. 3 (from Table IV).  a[H  +]  per gin. per hour in sealed  series,  corrected by 
subtraction of A[H  +] of aerated series. 
holland, 1917).  The progress of these changes in the sealed series is 
indicated in Figs. 2 and 3, where vertical height represents change in 
hydrogen ion  concentration per gin.  of c~ecum substance per hour. 356  METABOLISM  AND  I~ESPIRATION  IN  THE  STARFISH 
These are corrected by subtraction of the change in the correspond- 
Lug aerated experiment. 
The figures show in each experiment a  small carbon dioxide pro- 
duction in the first period, followed by a much greater production in 
the second period, and usually by diminishing changes in subsequent 
periods.  That  respiration  during  the  first  period  was  so  small  is 
remarkable.  It is  apparent  that  the caecum fits its  medium better 
after some time for adjustment. 
The reaction about pH  7,  close above that found normal for the 
c~eca, seems most favorable to carbon dioxide production.  It is not 
possible, however, to judge this point; for the diminished excess base 
of the initially more strongly acidified series causes a correspondingly 
decreased buffer value. 
The  experiments  show  that  carbon  dioxide  is  the  principal acid 
serving to bring the c~eca to the normal reaction.  The aerated series 
also  changes slightly  toward  the  normal  reaction,  but  this  change 
occurred almost entirely in the first period and may be attributed to 
the buffer effect of the c~ecum substance.  No evidence appears  to 
suggest  the  production  of  an  appreciable  amount  of  non-volatile 
acid. 
Conditions  of  acidity  represented  by  pH  less  than  6.7  have  al- 
ready been shown to be unfavorable to  the c~eca.  Where the reac- 
tion  fell below ptt  6.7  a  sharp  drop was noticed to  a  rather  stable 
reaction  about  pH  6.3,  which  attended  death  and  decomposition. 
In the aerated series at pH 5.0 reported in the tables the c~eca were 
able  to  recover the  normal reaction of pH  6.8,  while in  the  corre- 
sponding sealed series recovery was impossible.  Evidently here the 
first  harmful  attack  is  on  respiratory  activity,  which is  unable  to 
eliminate  carbon  dioxide  into  acid  solutions  of  such  feeble  buffer 
capacity  without  aeration.  If  the  removal  of  carbon  dioxide  is 
facilitated  by  aeration,  respiration  is  possible  and  the  tissues  can 
overcome the unfavorable conditions by neutralizing the acid. 
For living  starfish it  was  shown that  the normal reaction in  the 
c~eca was  about  pH  6.7,  for  ccelomic fluid  which  surrounds  them, 
pH 7.6,  and for sea water pH 8.3.  To change sea water from pH 8.3- 
6.7  would require more than a  fifty times increase in carbon dioxide 
tension (Henderson and Cohn, 1916).  On the basis of this compari- LAURENCE  IRVING  35~ 
son  the  starfish  evidently  has  quite  a  favorable  pressure  gradient 
for  carbon  dioxide  elimination.  The  optimum  might  then  follow 
only in consequence of the necessity of maintaining a  carbon dioxide 
tension  necessary to  overcome the  resistance  to  elimination.  But 
each  solution  was  initially  in  carbon  dioxide  equilibrium  with  the 
air, and all were altered by the c~eca to or well on the way toward pH 
6.7.  In solutions of different buffer value this  required carbon diox- 
ide  tensions of  quite different magnitude, so that  the optimum was 
sought  irrespective of the  carbon  dioxide  tension  it  entailed.  The 
optimum is therefore concluded to  apply to processes of metabolism 
in general, and not to the mechanical elimination of carbon  dioxide 
alone. 
The optimum pH found is not, then, one merely favorable to res- 
piration by the establishment of a  large pressure gradient.  It is an 
optimum,  furthermore, which applies  to metabolism in general.  It 
is well known that tissues  usually have optimal hydrogen ion concen- 
trations  for their most  conspicuous reactions;  but  it did not neces- 
sarily follow that all of the metabolic processes should coincide in an 
optimum for the tissue as a  whole, at which each individual process 
is most effective. 
CONCLUSIONS. 
The c~eca  maintain for themselves a hydrogen ion concentration of 
pH  6.7,  which is  different from  their  immediate environment,  the 
ccelomic fluid.  This in  turn  differs from sea water.  The  capacity 
for  maintaining  these  differences  approximately  constant  requires 
an efficient regulatory system.  This does not infer the existence of 
a  special organ or physical system in the organism, but a  fact in the 
operation of its metabolism.  Regulation of hydrogen ion concentra- 
tion in living mammalian blood has proved to be an essential fact in 
the existence of  the  organism, although we cannot explain its entire 
operation  or  significance.  A  regulation  similar  in  effect has  been 
generally assumed to exist in all organisms, although it is seldom dem- 
onstrated.  It is  hard  to conceive vital  substances  which could be 
effective and  still  incapable  of the  adjustment and  preservation  of 
their  own  reaction  within  a  comparatively restricted  range.  It  is 
probable  that ability to regulate and maintain a  constant  hydrogen 
ion concentration agrees in general with the degree of development 
of the organism as a whole. 358  M-ETABOLISM  AND  RESPIRATION IN  THE  STARFISH 
SUtJrM  ARY. 
The normal reaction of the ccelomic fluid in Patiria miniata  and 
Asterias ochraceus is pH 7.6, and of the caeca, 6.7, compared with sea 
water at 8.3, all without salt error correction.  A medium at pH 6.7- 
7.0 is optimum for the caeca for ciliary survival and digestion of pro- 
tein, and is maintained by carbon dioxide production.  The optimum 
pH found for carbon dioxide production is a true one for the effect of 
hydrogen ion concentration on the tissue.  It does not represent an 
elimination gradient  for  carbon  dioxide. 
Because the normal excised caeca maintain a  definite hydrogen ion 
concentration and change their internal environment toward that as 
an optimum during life, there exists a regulatory process which is an 
important vital function. 
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